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The extensive air shower (EAS) experiment KASCADE has started data taking
at the laboratory site of the Forschungszentrum Karlsruhe. The major goal is to
determine the elemental composition of the primary cosmic ray particles in the
energy range around and above the knee at Ek ≈ 5 · 10
15 eV. Here, we shall
discuss some results on tests of hadronic interaction models required for air shower
simulations, present the ‘knee’ in particle size distributions of electrons, muons, and
hadrons, and finally discuss preliminary results on the elemental composition which
are based on event-by-event measurements of the muon/electron ratio. The great
advantage over previous analyses which were based purely on average numbers
of samples of events is emphasized. The KASCADE data, analyzed in variety of
different approaches, favor an increasingly heavier composition above the knee.
1 Introduction
The origin and acceleration mechanism of ultra-high energy cosmic rays have
been subject to debate for several decades. Mainly for reasons of the required
power the dominant acceleration sites are generally believed to be supernova
remnants in the Sedov phase. Naturally, this leads to a power law spectrum
as is observed experimentally. Detailed examination suggests that this process
is limited to E/Z <∼ 10
15 eV. Curiously, the CR spectrum steepens at approx.
5 × 1015 eV, indicating that the ‘knee’ may be related to the upper limit of
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acceleration. A change in the CR propagation with decreasing galactic con-
tainment has also been considered. A key observable for understanding the
origin of the knee and distinguishing the SN acceleration model from other
proposed mechanisms, is given by the mass composition of CR particles and
by possible variations across the knee (see e.g. Ref.1). Unfortunately, beyond
the knee little is known about the CR’s other than their energy spectrum 2.
The low flux of particles (∼ 1 m−2·year−1 above the knee) puts strong demands
on the collection power of the experiments, such as can only be achieved by
extended air shower (EAS) arrays at ground level. Sampling detector systems
with typical coverages of less than one percent can be used for registration of
such EAS. However, this indirect method of detection bears a number of seri-
ous difficulties in the interpretation of the data and requires detailed modeling
of the air shower development and detector responses. It is well known, that
a number of characteristics of EAS depends on the energy per nucleon of the
primary nucleus, notably the ratio of electron to muon numbers, the energy of
the hadrons in the shower, the shapes of the lateral distributions of the various
components of the shower, etc. The basic concept of the KASCADE experi-
ment is to measure a large number of these parameters in each individual event
in order to verify the consistency of EAS simulations and to determine both
the energy and mass of the primary particles from the experimental data on a
reliable basis.
2 Layout and Status of the Experiment
KASCADE (Karlsruhe Shower Core and Array Detector) is located on the
laboratory site of the Forschungszentrum Karlsruhe, Germany (at 8◦ E, 49◦
N, 110 m a.s.l.). In brief, it consists of three major components (see Fig. 1);
1. A scintillator array comprising 252 detector stations of electron and muon
counters arranged on a grid of 200× 200 m2.
2. A central detector system (320 m2) with a highly-segmented hadronic
calorimeter, read out by 40,000 channels of warm liquid ionization cham-
bers, a scintillator trigger plane in the third layer, and at the very bottom,
2 layers of positional sensitive MWPC’s for muon tracking at Eµ ≥ 2
GeV.
3. A 48× 5.4 m2 tunnel housing three layers of positional sensitive limited
streamer tubes for muon tracking at Eµ ≥ 0.8 GeV. This part of the
experiment will be fully operational by summer 1999 and has not been
available for the data analysis presented below.
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Figure 1: Schematic layout of the KASCADE experiment.
More details about the experiment can be found in Refs. 3,4. First data
taking has started in late 1995 with large parts of the experiment in stand-alone
mode. Correlated data are being collected with some parts of the experiment
since April 1996 and with its full set-up since early 1998. By the time of
writing this report, more than 160 Mio. events have been collected in a very
stable mode with a trigger threshold corresponding to E ∼ 4 · 1014 eV.
3 First Results
The central detector system is a unique feature of KASCADE and opens a
new window to EAS. Firstly, high energy hadrons (Eh >∼ 50 GeV) detected
within the core of EAS provide important information about the quality of
hadronic interaction models used for EAS simulations. Secondly, observables
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Figure 2: Electron, muon, and hadron size distributions.
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extracted from the shower core exhibit a strong sensitivity to the mass of
primary particle, particularly in the energy range below the knee. Detailed
investigations have been performed to compare CORSIKA simulations 5 us-
ing different hadronic interaction models (QGSJET, VENUS, SIBYLL) with
experimental data 6. Generally, the SIBYLL model, traditionally being used
in EAS simulations, results in a very poor description of the experimental
data. This is most obviously exemplified in the energy spectrum and spatial
distribution of high energy hadrons 6. The observed discrepancy may only
partly be attributed to a deficit in the predicted muon number by SIBYLL.
On the other hand, VENUS and particularly GQSJET are found to describe
most experimental data reasonably well when assuming an increasingly heav-
ier composition with increasing energy. Significant deviations start to show
up only for muon sizes corresponding to primary energies larger than ∼ 1016
eV. As the present analysis is limited to the knee region, this is of no major
concern for the results presented below. Nevertheless, a new and improved
model based on VENUS and QGSJET is expected to become available soon 7.
Shower size spectra may be considered direct observables of EAS, because
they are extracted from the experimental data, basically independent from any
simulation. The experimental set-up of KASCADE allows independent mea-
surements of all three shower components, i.e. electrons, muons, and hadrons.
After determination of the shower axis from the scintillator array, the different
shower sizes are calculated by fitting the measured respective distributions of
lateral particle density to NKG-like parametrisations and calculating their two-
dimensional integral in appropriate regions (electrons: 0-∞, muons: 40-200 m,
hadrons: 0-24 m). This yields the electron size Ne, truncated muon size N
tr
µ ,
and hadron size Nh, respectively. The results are shown in Fig. 2. Electron and
muon size distributions are – because of superior statistics – given for different
bins of zenith angles. In each of these distributions, a knee is clearly visible.
The variation of the knee position with zenith angle is found to be in accor-
dance with simulations and translates into an attenuation length of 230 ± 37
g/cm2 and 488 ± 65 g/cm2 for electrons and muons, respectively. Averaged
over zenith angle, the electron, muon, and hadron size indices are measured
to be γe ≃ −2.43 ± 0.10, −2.88 ± 0.11, γµ = −2.99 ± 0.11, −3.16 ± 0.20,
γh = −2.81± 0.04, −3.12± 0.11 below and above the knee, respectively. The
indices of the shower size distributions dJ/dNx are related to the primary en-
ergy spectrum by the relation dJ
dE0
= dJ
dNx
dNx
dE0
. Taking the second factor from
CORSIKA simulations we then obtain γprim = 2.75± 0.11, 3.04± 0.16 for the
primary energy spectrum below and above the knee, respectively. The knee
position is found at Ek ≃ 4 PeV. We like to point out, that a consistent de-
scription for all particle species can only be obtained, if an increasingly heavier
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Figure 3: Distribution of the logNtrµ / logNe sizes. The open circles represent the experimen-
tal data. The lines are fits to CORSIKA/QGSJET simulations for different primary particles
as indicated. The sum of these simulated distributions is made to fit the experimental data.
composition is assumed above the knee.
A direct link to the mass of the primary particle is given by the muon
to electron ratio which in KASCADE can be measured on an event-by-event
basis. An example of such an analysis is presented in Fig. 3 for two different
muon-size bins, one below and one above the knee. Results of CORSIKA
simulations for different primary elements are shown by the grey lines 8. In
order to extract the elemental composition at this energy (i.e. muon-size), the
relative weights of the simulated distributions are fitted to the experimental
data. The sum of the distributions is shown by the black line, demonstrating
the perfect fit to the data. This is remarkable, because the left hand tail of
the experimental data is matched perfectly by the proton simulations while
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Figure 4: Extracted composition based on CORSIKA/QGSJET simulations (prelimary
data). The relative fractions are visualized by their respective areas.
the right hand tail is matched by the iron simulations. Furthermore, the width
of the fluctuations observed in the data seem to be inconsistent with a pure
single mass component. Evidently, such kind of analyses are superior to those,
where only mean values of distributions can be compared.
Comparing the deconvolution of the two distributions in Fig. 3, one ob-
serves a significant change from a light to a medium-heavy dominated com-
position. This change of the composition is summarized in Fig. 4. Here, the
relative contributions are plotted as a function of the primary energy, with
the latter being extracted from the muon size and taking into account the
extracted mass composition. Above 4 PeV (log(E/GeV) ≃ 6.6) an increasing
fraction of heavy primaries is observed.
4 Summary and Conclusions
Preliminary data of KASCADE have been presented. For the first time, a knee
is observed in the electron, muon, and hadron size spectra, indicating that the
knee is an inherent feature of the primary energy spectrum. The steep electron
size spectrum above the knee can only be explained to be consistent with the
muon size spectrum, if the composition above the knee gradually changes from
light to heavy. Furthermore, the new quality of data allows to extract the
muon-to-electron ratio on an event-by-event basis, thereby giving a direct link
to the mass of the primary particle. A deconvolution into different elemental
groups again results in an increasing fraction of Si+Fe primaries above the
knee. The results are confirmed also by related analyses of KASCADE ob-
servables (lateral distributions, shower-core parameters, etc.). Multiparameter
7
analyses with more sophisticated classification schemes are under development
in order to include all relevant observables simultaneously. In parallel, hadronic
event generators need further attention particularly at energies above 1016 eV
but EAS data such as obtained from KASCADE may serve as vital input.
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